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PHDVXUHRIHFRQRPLFYDOXH´,QSUDFWLFHFRVWEHQHILWDQDO\VLVSOD\VD OLPLWHGUROH LQ WKHGHFLVLRQPDNLQJSURFHVV





DUH HFRQRPLFDOO\ MXVWLILHG DQG WKH UHDO EHQHILWV RI WKH V\VWHP DUH VKRZQ 3UHYLRXV VWXGLHV VKRZ WKDW DOWHUQDWLYH
SURMHFWV OLNHZDVWHWRHQHUJ\SURMHFWV UHTXLUHKLJK LQYHVWPHQWV ,W LVDOVR UDUH WKDWGHFLVLRQV LQPXQLFLSDOLWLHVDUH
EDVHG RQ FRPSOHWH FRVWEHQHILW DQDO\VLV ZKLFK LQFOXGHV HQYLURQPHQWDO H[WHUQDOLWLHV :DVWHWRHQHUJ\ DSSURDFK









FRXOG EH RQH RI WKH ZD\V WR LPSURYH GHFLVLRQPDNLQJ DW WKH PXQLFLSDO OHYHO LQ WKH IXWXUH 7KH PHWKRGRORJ\
SUHVHQWHGLQWKLVSDSHULVGHPRQVWUDWHGRQDFDVHVWXG\RI9DOPLHUDFLW\LQ/DWYLD
:DVWHWRELRPHWDQHSURFHVVURXWH
5HFHQW VWXGLHV RQELRGHJUDGDEOHZDVWH FRQFOXGH WKDW ³RQH WKLUG RI DOO IRRGSURGXFHG IRU KXPDQ FRQVXPSWLRQ






V\VWHPV,W LVFRPPRQWRLQVWDOODVLQJOHFRQWLQXRXVO\VWLUUHG WDQNRUD WZRSKDVHV\VWHP7KHSURFHVVFDQEHUXQ
ÄZHW´OHVVWKDQRIWRWDOVROLGVRUÄGU\´±RIWRWDOVROLGVVLQJOHRUWZRSKDVHV\VWHPV>@)RUHDFK
V\VWHPWKHUHDUHDGYDQWDJHVDQGGLVDGYDQWDJHVDQGWKHVHPDLQO\GHSHQGRQVXEVWUDWHV\VWHPVL]HDQGFRQILJXUDWLRQ
%LRJDVSURGXFWLRQ IURPELRGHJUDGDEOHZDVWH LVRQHRI WKHRSSRUWXQLWLHV WR UHDFK WKH(8ZDVWHDQG UHQHZDEOH
HQHUJ\ WDUJHWV >±@  %LRJDV FDQ EH XVHG LQ FRJHQHUDWLRQ SODQWV DQG XVHG IRU ELRPHWKDQH SURGXFWLRQ %LRJDV
XSJUDGLQJWRELRPHWKDQHLVGHILQHGDV³SURGXFWLRQRIELRPHWKDQHE\PLFURELRORJLFDOSURFHVVHV7KHLQLWLDOSURGXFW




























































x 6HFRQG VWHS LGHQWLILFDWLRQ RI WKH SK\VLFDO LPSDFWV RI HDFK SURMHFW )RU WKH SURMHFWV RU SROLFLHV UHODWHG WR
HQYLURQPHQWDQHQYLURQPHQWDOLPSDFWDQDO\VLVLVSHUIRUPHG





SURMHFW HYDOXDWLRQ $QDO\VLV FRQILUPV WKDW WKURXJK SROLF\ LQWHUYHQWLRQV VXFK DV WD[HV UHJXODWLRQV VXEVLGLHV DQG
RWKHUPHDVXUHV VRFLDO FRVWV DUH LQWHJUDWHG LQ WKH SURMHFWV ,Q WKH SHUIHFWPDUNHW VLWXDWLRQZKHUH WKH VRFLDO FRVWV








RI DOWHUQDWLYH RSWLRQV >@ 7KH XVHGPHWKRGRORJ\ LV DQ LQWHJUDWHG FRVWEHQHILW DQDO\VLV WKDW LQFOXGHV HFRQRPLF


















IURPSURYLGHGVHUYLFHVHJFROOHFWHGDQG WUHDWHGZDVWHSURGXFHGDQGVROGHQHUJ\ WUDQVSRUW VHUYLFHVHWF6RFLDO
SXEOLFFRVWVDUHUHODWHGWRWKHH[WHUQDOLWLHVWKDWULVHGLUHFWO\DQGLQGLUHFWO\IURPWKHLQWURGXFHGSURMHFW7KHPDLQ
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H[WHUQDOLWLHVFRQFHUQFKDQJHVLQDLUZDWHUQRLVHUHVRXUFHXVHHWFZKLFKFDXVHHIIHFWVWRKXPDQKHDOWKPRUWDOLW\
PRUELGLW\FOLPDWHFKDQJH>@7KHVRFLDOEHQHILWVDUHWKHSRVLWLYHHIIHFWVLIWKHGDPDJHFRVWVDUHUHGXFHGHJWKH
UHVXOW RI ³FOHDQHU´ IXHO FKDQJHV LQ HQHUJ\ SURGXFWLRQ WUDQVSRUW VHFWRU HWF 7KH HQYLURQPHQWDO DQG VRFLDO







LV OLQNHG WRYDOXDWLRQRI WKH LPSDFWV7KHPRVW FKDOOHQJLQJSDUW LVPRQHWDU\YDOXDWLRQRIHQYLURQPHQWDO LPSDFWV
$FFRUGLQJWRWKHSURSRVHGVFHQDULRVWKHPDLQHQYLURQPHQWDOLPSDFWVWKDWVKRXOGEHPRQHWDUL]HGDUHHPLVVLRQVRI
GLVSRVHGZDVWHLQODQGILOOHPLVVLRQVIURPWUDQVSRUWVHUYLFHVDQGHPLVVLRQVIURPHQHUJ\SURGXFWLRQ2QHRIWKHPRVW























9DOPLHUD LV RQH RI WKH FLWLHV LQ WKH 1RUWK 9LG]HPH:DVWH 0DQDJHPHQW 5HJLRQ 2QO\ RQH PXQLFLSDO ZDVWH
FRPSDQ\³1RUWK9LG]HPH:DVWH0DQDJHPHQW&RPSDQ\´=$$2RSHUDWHV LQ WKLV UHJLRQ&XUUHQWO\DOOXQVRUWHG
DQGVRUWHGPXQLFLSDOVROLGZDVWHLQWKHUHJLRQLVFROOHFWHGDQGWUDQVSRUWHGWRWKHODQGILOOVLWH'DLEHORFDWHGDURXQG
NPIURPWKHFLW\RI9DOPLHUD'XULQJWKHPHFKDQLFDOWUHDWPHQWSURFHVVWKHZDVWHLVVRUWHGLQWRVHYHUDOIUDFWLRQV




4.1. Defining reference and alternative scenarios for the case study 
7KH EDVH VFHQDULR DQG WZR DOWHUQDWLYHV GU\ IHUPHQWDWLRQ ZHW IHUPHQWDWLRQ ZHUH HYDOXDWHG 7KH GHVFULEHG
DOWHUQDWLYHLQSUHYLRXVVHFWLRQVELRPHWKDQHLQMHFWLRQLQWRQDWXUDOJDVJULGZDVQRWHYDOXDWHGLQWKHFDVHVWXG\GXH
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WR WKHVPDOODPRXQWRISURGXFHGELRPHWKDQHDQG WRR ORQJGLVWDQFH WRQDWXUDOJDVSLSHOLQH2WKHU WZRDOWHUQDWLYHV
%LRJDVXVDJHLQ&+3%LRPHWKDQHIXHOOHGSXEOLFWUDQVSRUWDUHGHVFULEHGLQWKLVVWXG\
7KH UHIHUHQFH VFHQDULR LQFOXGHV ILJXUHV IURP WKH H[LVWLQJ ZDVWH PDQDJHPHQW V\VWHP ODQGILOO 'DLEH SXEOLF
WUDQVSRUW LQ WKH FLW\ RI 9DOPLHUD DQG &+3 SODQW -6& ³9DOPLHUD (QHUJLMD´ 5LJDV VWUHHW  9DOPLHUD 7KH
HVWLPDWHGFRVWVRIWKHODQGILOODUHFRQVLGHUHGWLOOZKLFKLVWKHRIILFLDOFORVHGRZQRIWKHODQGILOO,WLVFRQVLGHUHG
WKDWWKHELRJDVSURGXFWLRQSODQWZLOOEHLQVWDOOHGQH[WWRWKHODQGILOO'DLEHDFFRUGLQJWRWKHH[LVWLQJLQIUDVWUXFWXUH
4.2. Estimation of externalities 
7KHPDLQ FRVWV FRQVLGHUHG LQ WKH FDOFXODWLRQVZKHUH FOLPDWH GDPDJH FRVWV FDXVHG E\ &2 HPLVVLRQV DQG
KHDOWK GDPDJH FRVWV FDXVHG IURP HPLVVLRQV IURP WUDQVSRUW HJ12[ &OLPDWH GDPDJH FRVWVZHUH FDOFXODWHG








IRU WKHVH FDOFXODWLRQV DYHUDJH GLVWDQFH ZDVWH FROOHFWLRQ WUXFNV WUDYHOOHG SHU \HDU DQG DYHUDJH IXHO FRQVXPSWLRQ
(PLVVLRQVIURPZDVWHFROOHFWLRQWUDQVSRUWZHUHHVWLPDWHGEDVHGRQGLVWDQFHWUDYHOOHGNP7RFDOFXODWHKHDOWKGDPDJH
FRVWV LPSDFW IURP ZDVWH FROOHFWLRQ WUXFNV ZDV DVVHVVHG E\ LQWURGXFLQJ HPLVVLRQ IDFWRUV IURP WKH 8. 1DWLRQDO
$WPRVSKHULF(PLVVLRQ,QYHQWRU\GDWDEDVH>@7KHH[WHUQDOFRVWVFOLPDWHGDPDJHDQGKHDOWKGDPDJHFRVWVRIZDVWH
FROOHFWLRQ NP DUH  (85NP ([WHUQDO EHQHILWV GHSHQG RQ DYRLGHG HPLVVLRQV IURP ODQGILOO $V LW ZDV GHILQHG
SUHYLRXVO\WKHJDVFROOHFWLRQHIILFLHQF\LV*+*HPLVVLRQVIURPODQGILOOZHUHFDOFXODWHGDQGH[SUHVVHGDVW&2
HTXLYDOHQW7KHDYHUDJHFDOFXODWHGH[WHUQDOEHQHILWVSHUGLVSRVHGWRQQHRIZDVWHDUH(85WZDVWH
4.2.2. Alternatives - dry and wet fermentation 





IHUPHQWDWLRQVFHQDULR  WKHZDVWHFROOHFWLRQV\VWHPKDVEHHQPRGLILHG ORQJHUGLVWDQFH WUDYHOOHG WRFROOHFW VRUWHG
ZDVWHDQGWKHHPLVVLRQVIURPWKHZDVWHWUXFNVDUHLQFUHDVHGVHH)LJD
4.2.3. Public transport 
7KH SDUDPHWHUV WKDWZHUH WDNHQ LQWR DFFRXQW WR FDOFXODWH WKH LPSDFW IURP SXEOLF WUDQVSRUW DUH WKH IROORZLQJ
DPRXQW RI SXEOLF EXVHV DYHUDJH GLVWDQFH WUDYHOOHG IRU RQH EXV SHU \HDU IXHO FRQVXPSWLRQ PDLQWHQDQFH FRVWV
3XEOLFWUDQVSRUWRSHUDWLRQLQFOXGHFOLPDWHDQGKHDOWKGDPDJHFRVWV7KHVDPHHPLVVLRQIDFWRUV>@DQGPRQHWDU\
YDOXHV>@ZHUHXVHGDVSUHYLRXVO\GHVFULEHG7KHFOLPDWHGDPDJHFRVWVZHUHLQGLFDWHGDV(85NPDQGKHDOWK
GDPDJHFRVWVZHUH(85NP7KHQRLVH LPSDFWRISXEOLF WUDQVSRUWZDVHVWLPDWHGDQGDQ LQGLFDWLYHYDOXHRI






 7KH IXHO XVHG LQ WKH&+3 LV QDWXUDO JDV7KH WRWDO FDSDFLW\ RI WKH SODQW LV 0:DQG DQQXDOPD[LPXP
QDWXUDO JDV FRQVXPSWLRQ LV  PLOO P\HDU >@ &OLPDWH GDPDJH FRVWV DUH FDOFXODWHG EDVHG RQ WKH IXHO
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FRQVXPSWLRQDQGHPLVVLRQIDFWRURIQDWXUDOJDV7KHWRWDO&2HPLVVLRQVIURPWKHERLOHUKRXVHDUHW&2\HDU
>@$FFRUGLQJWRWKHDPRXQWRIHPLVVLRQVWKHHVWLPDWHGFOLPDWHGDPDJHFRVWVDUH(85P7KHDPRXQWRI




7KHFDSLWDO FRVWV RIZDVWHSURFHVVLQJ DUH UHSUHVHQWHG DV WRWDO FDSLWDO FRVWV SHU WRWDO ODQGILOOHGZDVWH2SHUDWLQJ

























(85WODQGILOOHG (85WRSHUDWHG (85EXV(85NP   (85NP (85O
      
$OWHUQDWLYH,GU\IHUPHQWDWLRQ $OWHUQDWLYH,GU\IHUPHQWDWLRQ
(85WSURFHVVHG (85WRSHUDWHG (85EXV(85NP (85PK (85VWDWLRQ (85NP (85P
      
$OWHUQDWLYH,,ZHWIHUPHQWDWLRQ $OWHUQDWLYH,,ZHWIHUPHQWDWLRQ
(85WSURFHVVHG (85WRSHUDWHG (85EXV(85NP (85PK (85VWDWLRQ (85NP (85P
      

7KHDQQXDOH[WHUQDOFRVWVIRUDOOVFHQDULRVDUHSUHVHQWHGLQ)LJDE7KHODUJHVWVKDUHRI WKHWRWDOH[WHUQDO
FRVWV LV H[WHUQDOLWLHV IURP ODQGILOO ,Q ERWK HQHUJ\ XVH DOWHUQDWLYHV a RI WKH WRWDO H[WHUQDO EHQHILWV DUH IURP
DYRLGHGHPLVVLRQVIURPODQGILOO7KLVVKRZVWKHVLJQLILFDQFHRI³PRYLQJDZD\IURPODQGILOOV´+HDOWKLPSDFWVPLJKW
YDU\DFFRUGLQJWRSRSXODWLRQGHQVLW\DQGLQRWKHUFLWLHVFDQSURGXFHDFRPSOHWHO\GLIIHUHQWRXWFRPH)RUWKLVUHDVRQ






IXHO KLJKHU HQYLURQPHQWDO EHQHILWV ZLOO EH REWDLQHG )URP WKH LQYHVWPHQW SRLQW RI YLHZ VHH 7DEOH  WKHZHW
IHUPHQWDWLRQSODQWLVPRUHVXLWDEOHIRUJUHDWHUDPRXQWRIZDVWHLQSXW±JHQHUDWHGELRJDV,QFUHDVLQJWKHELRJDVSODQW
FDSDFLW\ZLOOGHFUHDVHWKHSULFHRIJHQHUDWHGELRJDV,I WKHFXUUHQWZDVWHPDQDJHPHQWV\VWHPLQ9DOPLHUDZLOOEH
LPSURYHG DQG WKH UDWH RI WKH VHSDUDWHG ELRGHJUDGDEOH ZDVWH ZLOO LQFUHDVH D ZHW IHUPHQWDWLRQ SODQW LV WKH EHVW
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 D  E 
)LJ7RWDODQQXDOH[WHUQDOFRVWVEHQHILWVDODQGILOORSHUDWLQJDQGSXEOLFWUDQVSRUWEODQGILOORSHUDWLQJDQG&+3SODQW
7KHH[WHUQDOFRVWV LQ WKLVVWXG\ZHUHFDOFXODWHG IRU WKUHHVHUYLFHV WKDWFLWL]HQVRI9DOPLHUDFLW\ UHFHLYHZDVWH











&RVWEHQHILW DQDO\VLV FDQ EH XVHG DV D WRRO WR VKRZ WKH HQYLURQPHQWDO EHQHILWV DQG FRVWV WKDW XVXDOO\ DUH QRW
LQFOXGHGLQW\SLFDOSURMHFWDQDO\VLV,PSDFWSDWKZD\DSSURDFKLVRQHRIWKHHIILFLHQWZD\VWRGHWHUPLQHWKHPRQHWDU\
YDOXHRIHQYLURQPHQWDOH[WHUQDOLWLHV ,QWHJUDWHGFRVWEHQHILWDQDO\VLVZLWK LPSDFWSDWKZD\DSSURDFK LVDSRZHUIXO




PRQHWL]DWLRQ DQG HYDOXDWLRQ 8VXDOO\ WKH JUHDWHVW DPRXQW RI DYRLGHG HPLVVLRQV LV GXH WR WKH UHGXFWLRQ RI *+*
















ZLWKELRPHWKDQHXVH LQSXEOLF WUDQVSRUWSURYLGHV WKHJUHDWHVW HQYLURQPHQWDO EHQHILW WKH VHW LQGLFDWLYHYDOXHV IRU
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